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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a self-mixing
interference device based on a semiconductor laser
source and a photodetector arranged to detect intensity
variations of laser radiation emitted by said semiconduc-
tor laser source.

BACKGROUND OF THE INVENTION

[0002] Such a laser sensor based on self-mixing inter-
ferometry (SMI) allows the measurement of velocities,
vibrations and distances covering a broad range of ap-
plications. Self-mixing interference devices make use of
the effect, that laser light which is scattered back from a
target object and re-enters the laser cavity, interferes with
the resonating radiation and thus influences the output
properties of the device. When the laser is operated in a
suited regime the response of the back coupled light is
linear, and resulting variations in output power contain
traceable information on the movement or the distance
of the target object with respect to the device. The fre-
quency of these variations in output power is measured.
To this end, the laser output signal is typically collected
with a photodiode or phototransistor. The distance be-
tween the target object and the laser-cavity determines
the phase of the back-scattered light when re-entering
the laser cavity and hence whether there is destructive
or constructive interference. When the object moves, the
distance and hence the phase changes at a rate propor-
tional to the velocity of the object. Therefore constructive
and destructive interference occurs at a frequency pro-
portional to this velocity. Since this so-called Doppler fre-
quency only gives information on the magnitude of the
velocity but not on its direction, modulation techniques
have to be used to determine the direction. When using
a semiconductor laser as laser source, in particular a
VCSEL (vertical cavity surface emitting laser), the laser
can be operated with a defined current shape, e.g. a pe-
riodic saw tooth or triangular current, causing the output
frequency to almost instantaneously follow these current
variations due to the simultaneously changed optical res-
onator length. This change in resonator length is temper-
ature induced, resulting from the dissipative heating by
the laser current. The resulting difference in frequency
between the resonating and the back scattered light can
be evaluated in suitable electronics and can be translated
back into information about the position of the target ob-
ject and its direction of movement.
[0003] WO 02/37410 A1, discloses a method and de-
vice for measuring the movement of an object. The meth-
od and device use the self-mixing interference effect in
order to measure the movement of the object, which in
the preferred application is the movement of a finger on
an input device. With such a device which is also known
as Twin-Eye laser sensor, a quasi 3D displacement of

the object can be measured, in particular for use in input
devices like PC-mice.
[0004] Document US2009/2891177A1 discloses a
self-mixing interference device comprising a semicon-
ductor laser source and a photodetector, but no
waveguide. Document DE 10 2004 047679A1 discloses
a self-mixing interference device comprising a semicon-
ductor laser source arranged on a surface of a substrate,
a photodetector arranged to detect intensity variations of
said laser radiation, a substrate with an integrated optical
waveguide structure, wherein said waveguide structure
is optically connected to said laser source and designed
to guide said laser radiation emitted by said laser source
to the photodetector. The optical waveguide is not de-
signed to guide said laser radiation emitted by said laser
source to an out-coupling area at said surface of said
substrate and is not designed to guide a portion of said
laser radiation scattered back from a target object outside
of said substrate to re-enter the laser source (in D2, the
waveguide is between the laser and the photodetector,
not between the laser source and the object).
[0005] Document US 2007/125937 A1 discloses a
sensor device comprising a laser source and a photode-
tector, with an optical waveguide guiding the light be-
tween the laser source and a target object. The device
is not a self-mixing device, however, and the waveguide
is not designed to guide the light scattered by the target
object back to the laser.
[0006] The total height of such a known sensor cannot
be reduced freely since a certain round-trip length is
needed in order to achieve a Doppler frequency in the
correct regime. Presently this results in a minimum dis-
tance of the laser source output surface, typically a VC-
SEL, to the measured object surface of about 5 mm and
a total height of the sensor bottom to the surface of 6mm.
Although this height does not impose restrictions for use
in PC mice it is prohibitive for use input devices like e.g.
mobile phones or mp3 players. Also for trackballs for e.g.
remote controls or notebooks the sensor height is pref-
erably equal to the size of the ball. The large distance
between the output of the laser source and the measured
object also causes a significant reduction of the signal
strength, such that a focusing element is needed in order
to focus the light and regain signal strength. In order to
measure in two directions two laser sources are used
spaced away from each other and an optical element is
required to deflect the beams and focus the laser light.
This optical element has to be placed with high accuracy
with respect to the VCSELs to meet tolerances on the
accuracy of the sensor.

SUMMARY OF THE INVENTION

[0007] It is an object of the present invention to provide
a self-mixing interference device, in particular for use in
an input device, which self-mixing interference device
can be realized with a lower height and at lower cost
compared to the above known self-mixing interference
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devices.
[0008] The object is achieved with the self-mixing in-
terference device according to claim 1. Advantageous
embodiments of this device are subject matter of the de-
pendent claims or are disclosed in the subsequent por-
tions of the description.
[0009] The proposed self-mixing interference device
comprises a substrate with an integrated optical wave
guide structure, a semiconductor laser source, in partic-
ular a VCSEL, arranged on a surface of the substrate
and emitting laser radiation towards said surface, and a
photodetector arranged to detect intensity variations of
the laser radiation. The wave guide structure is optically
connected to the laser source and designed to guide the
laser radiation emitted by the laser source to an out-cou-
pling area at the surface of the substrate and to guide a
portion of the laser radiation back scattered from a target
object outside of the substrate to re-enter the laser
source. In an advantageous embodiment of the device
two integrated optical wave guide structures, two semi-
conductor laser sources and two photo-detectors are ar-
ranged on the substrate in such a manner that the move-
ment of the target object is measured simultaneously in
two independent axes like in the above described Twin-
Eye laser sensor. To this end, the laser radiation of the
two laser sources has to be coupled out in directions
orthogonal to each other.
[0010] By using an integrated optical wave guide struc-
ture to transport the light emitted from and back reflected
to the laser source the above limitation of the total height
of the device is overcome. The distance needed for the
light between the emitting surface of the laser source and
the target object in order to perform the desired meas-
urement is provided by the length of the wave guide struc-
ture between the laser source and the out-coupling area.
Since the wave guide structure extends in the plane of
the substrate, parallel to its surface, this does not influ-
ence the height of the whole device. The length of the
wave guide structure between the laser source and the
out-coupling structure can therefore be tuned for achiev-
ing the optimum Doppler frequency for the used signal
processing scheme. The optical length of the waveguide
structure between the laser source and the out-coupling
area may e.g. be in the range between 0.2 and 100 mm,
preferably between 2 and 20 mm. In particular for appli-
cations in an input device, the wave guide structure can
be shaped to place the sensing area, i.e. the in- and out-
coupling structure, at any desired position on the sub-
strate surface. Furthermore, by eliminating the need for
a focusing element and at the same time eliminating the
need for high accuracy placement of this element, the
device can be produced with lower cost.
[0011] By providing two active VCSEL mesas in one
die, in particular a GaAs die, two independent directions
can be measured using separate wave guide channels
for each individual VCSEL. With the two lasers monolith-
ically integrated, a minumum die area is required and the
lasers can be placed by a single pick-and-place action.

The total die area required for the two VCSELs in case
of monolithic integration is similar to that of one single
VCSEL. The reduced die area compared to two VCSELs
on separate dies and the smaller number of pick and
place actions in assembly result in a significant saving
of manufacturing costs. The wave guide channels, as
already pointed out above, have out-coupling structures
for orthogonal directions, e.g. with appropriate refractive
or defractive optical elements to achieve the out-coupling
in the orthogonal directions. The 2D motion of the object
can be sensed with such a device with only one VCSEL
die.
[0012] In an advantageous embodiment of the device,
the wave guide structure is a silicon embedded wave
guide structure extending parallel to the surface of the
substrate. The silicon channel of the silicon embedded
wave guide is surrounded by material with a large refrac-
tive index contrast.
[0013] Such wave guide structures can be made in
standard CMOS compatible silicon technology, resulting
in a low cost production. As compared to the current
Twin-Eye design, the need for a lens and two separate
VCSELs is eliminated so that the costs can be signifi-
cantly reduced to a level competing with other sensors
for optical mice.
[0014] The substrate or wave guide structure prefera-
bly comprises a first coupling structure to couple the laser
radiation at a first position of the surface into the wave
guide structure and a second coupling structure to couple
the laser radiation at a second position of the surface out
of the wave guide structure. The second coupling struc-
ture is preferably designed to couple out said laser radi-
ation at an angle ≠ 0° to a normal to said surface. This
is in order to achieve an out-coupling component of the
laser light in the direction of movement of the object,
which typically is parallel to the surface of the substrate.
The out-coupling structures for example may comprise
convex mirrors with additional deflection elements or re-
fractive gratings.

BRIEF DESCRIPTION OF DRAWINGS

[0015] The proposed device is described in the follow-
ing by way of example in connection with the accompa-
nying figures without limiting the scope of protection as
defined by the claims. The figures show

Fig. 1 an example of a schematic setup of the pro-
posed device according to the present inven-
tion;

Fig. 2 a more detailed schematic view of the proposed
device;

Fig. 3 a top view of a further example of the proposed
device; and

Fig. 4 examples of refractive optical elements for de-
flection.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Figure 1 schematically shows an embodiment
of the proposed self-mixing interference device. A single
mode silicon embedded wave guide 3 is embedded in a
substrate 1. On this substrate 1, a VCSEL 2 with inte-
grated photodiode is mounted, emitting laser radiation in
the direction of the substrate. The single mode silicon
embedded wave guide 3 and the VCSEL 2 are arranged
such that the laser light emitted by the VCSEL 2 is cou-
pled into the wave guide 3. At an out-coupling area not
specially indicated in this figure, the laser light leaves the
wave guide to be scattered back by an object 4 moving
about this out-coupling surface.
[0017] The laser light typically is diffusely scattered
back from the moving object. In the prior art sensor,
where the lens is spaced from the moving object, only
the laser light that is scattered back in the space angle
captured by the lens can contribute to the self-mixing
signal, leading to a significant reduction in signal
strength. In the device of the present invention, due to
the provision of the waveguide structure, the moving ob-
ject is close to the outcoupling structure. This results in
a much larger spacial angle capturing diffusely back scat-
tered light, and thus in an improved signal strength.
[0018] The VCSEL 2 and the integrated photodiode
are connected via metal pads 7 on the substrate by wire
connections 8 to an ASIC 5 (ASIC: Application Specific
Integrated Circuit), which is designed to control the VC-
SEL 2 and to evaluate the signals of the photodiode in
order to determine the movement of the object 4. The
substrate 1 and the ASIC 5 are mounted on a PCB or
sub-mount 6.
[0019] Figure 2 shows a more detailed cross sectional
view of the device. The VCSEL with integrated photodi-
ode (VIP) 2 is flip-chip mounted on the substrate 1 about
the in- and out-coupling structure, e.g. by using so-called
solder bumps which both mechanically as well as elec-
trically connect bonding pads 13 on the VCSEL to the
bonding pads 7 on the substrate. The in-coupling struc-
ture is formed in this example by a concave mirror 10 in
the substrate 1. Through this mirror 10 the laser radiation
9 emitted from the VCSEL is coupled into the silicon em-
bedded wave guide 3. The out-coupling structure is also
formed by a concave mirror 11 formed in the substrate
1 and additionally comprises a deflecting optical element
14 as can be seen from figure 2. This deflecting optical
element 14 deflects the light reflected by the mirror 11 to
achieve an out-coupling direction which is not perpen-
dicular to the surface of the substrate 1. Figure 4 shows
two examples of such a deflecting optical element 14.
[0020] The light emitted from the VCSEL 2 thus travels
with low loss to the point where movement detection
needs to be measured. The in- and out-coupling struc-
tures to this end allow the light to be projected on the
moving object 4, a finger in this example, and allow the
back-scattered light to travel back to the VCSEL 2 where
it contributes to self-mixing interference. If the losses of

the wave guide 3 at the in- and out-coupling structures
10, 11 are sufficiently low, the strength of the self-mixing
interference signal is similar to that at zero distance be-
tween the object 4 and the VCSEL 2.
[0021] A typical VCSEL which can be used in the pro-
posed device emits infrared radiation around 1mm wave-
length with a typical power of few milliwatts. The laser
cavity consists of two stacks of distributed Bragg reflec-
tors (DBR) which are epitaxially grown on a suited sub-
strate, in particular a GaAs substrate, and which enclose
a resonator that contains gain region made up from sev-
eral quantum wells. The DBR-layers also take over the
task of feeding current into the gain region, therefore one
is usually n-doped and the other p-doped. One DBR is
designed to be highly reflective, typically with a reflectivity
of > 99.8 %, while the other one allows a higher degree
of out-coupling and thus also feedback to the laser cavity.
A photodetector, which in this example is monolithically
integrated in the VCSEL chip, measures the small
amount of radiation leaking out of the highly reflective
DBR mirror and thus monitors the variations in the output
power of the laser. Monolithic integration allows using
wavelengths below 920 nm (850nm is being used) where
the GaAs substrate of the VCSEL is not transparent.
[0022] Figure 3 shows a top view of a further embod-
iment of the proposed device in which two laser sources
with two wave guide structures are arranged such that
the laser light emitted at the out-coupling area is directed
into orthogonal directions. In this embodiment, two active
VCSEL mesas 12 are provided in one single die. The two
wave guide channels 3 guide the laser radiation emitted
by the two VCSELs to closely spaced out-coupling areas
with out-coupling structures 11. The out-coupling struc-
tures are designed to have orthogonal directions. There-
fore, 2D motion sensing for input devices can be achieved
with one single VCSEL die in this embodiment.
[0023] Although in this example the out-coupling areas
are closely spaced. In the proposed device the out-cou-
pling areas may be widely spaced as well. This allows
multiple channels feeded from one VCSEL die with sev-
eral VCSEL apertures to measure movement at different
locations for e.g. other applications than input devices.
It would e.g. also allow introducing redundancy by having
two or more VCSELs coupled to closely spaced out-cou-
pling areas, e.g. to imrpove the mean-time between fail
of sensors. By providing more than one laser source, in
particular VCSEL, preferably sharing one single die, with
corresponing waveguide channels and outcoupling
structures distributed over at least a portion of the 2D-
plane of the substrate, different applications of the device
are possible. For example, in one application the device
can be used to locate an object, or in another application
the device can be used to measure the movements of
several objects at the same time.
[0024] The electrical contacts to the VCSEL mesas 12
in the ground contact of the whole VIP are achieved
through flip-chip mounting on metal pads 7 on the silicon
substrate. By wire bonding these can be connected to

5 6 



EP 2 491 336 B1

5

5

10

15

20

25

30

35

40

45

50

55

the ASIC, as already shown in figure 1. The VCSEL struc-
ture in this example is build up as follows: n-substrate
(PD-cathode), intrinsic and p-layer (PD-anode) forming
together the reversed biased photodiode (PD); then the
n-mirror (VCSEL cathode) , which is electrally connected
to the PD-anode and collectively connected to ground,
the resonator with quatum wells and finally the p-mirror
(VCSEL anode) which is forward biased. The VCSEL
anode and the connected VCSEL cathode and PD-anode
are connected by bonding pads on the front-side of the
VCSEL, which through solder bumps are connected to
the bonding pads 7 on the silicon substrate. The PD-
cathode is directly wirebonded to the ASIC.
[0025] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive, the invention
is not limited to the disclosed embodiments. The different
embodiments described above and in the claims can also
be combined. Other variations to the disclosed embodi-
ments can be understood and effected by those skilled
in the art in practicing the claimed invention, from a study
of the drawings, the disclosure and the appended claims.
[0026] In the claims the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. The mere fact
that measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope of these claims.

LIST OF REFERENCE SIGNS:

[0027]

1 silicon substrate

2 VCSEL with integrated photodiode

3 silicon embedded wave guide channel

4 object

5 ASIC

6 PCB or sub-mount

7 metal pad

8 wire connections

9 laser radiation

10 concave mirror

11 concave mirror

12 VCSEL mesa

13 metal bonding pad

14 deflecting element

Claims

1. A self-mixing interference device comprising

- a substrate (1) with an integrated optical
waveguide structure (3),
- a semiconductor laser source (2), arranged on
a surface of said substrate (1) and emitting laser
radiation towards said surface (1), and
- a photodetector arranged to detect intensity
variations of said laser radiation,
- wherein said waveguide structure (3) is opti-
cally connected to said laser source (2) and de-
signed to guide said laser radiation emitted by
said laser source (2) to an out-coupling area at
said surface of said substrate (1) and to guide
a portion of said laser radiation scattered back
from a target object (4) outside of said substrate
(1) to re-enter the laser source (2).

2. The device according to claim 1,
wherein said semiconductor laser source is a VC-
SEL.

3. The device according to claims 1 or 2,
wherein said waveguide structure (3) is a silicon em-
bedded waveguide structure.

4. The device according to claim 1 or 2,
wherein said substrate (1) or waveguide structure
(3) comprises a first coupling structure (10) to couple
said laser radiation at a first position of said surface
into said waveguide structure (3) and a second cou-
pling structure (11) to couple said laser radiation at
a second position of said surface out of said
waveguide structure (3).

5. The device according to claim 4,
wherein said second coupling structure (11) is de-
signed to couple out said laser radiation at an angle
≠ 0 to a normal to said surface.

6. The device according to claim 4,
wherein said first and second coupling structure (10,
11) comprise a concave mirror formed out of said
surface or a diffractive grating formed in said
waveguide structure (3).

7. The device according to claim 5,
wherein said first and second coupling structure (10,
11) comprise a concave mirror formed out of said
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surface , said second coupling structure further com-
prising an optical element deflecting the laser radi-
ation to be coupled out at said angle ≠ 0 to the normal
to said surface.

8. The device according to claim 1 or 2,
wherein a control and evaluation unit (5) is electri-
cally connected to said laser source (2) and photo-
detector, said control and evaluation unit (5) being
designed to control said laser source (2) to emit the
laser radiation and to evaluate signals of said pho-
todetector to determine a distance and/or a move-
ment of said target object (4).

9. The device according to claim 1 or 2,
wherein an optical length of said waveguide structure
(3) between the laser source (2) and the out-coupling
area is selected to be in the range between 2 and
20 mm.

10. The device according to claim 1 or 2,
further comprising

- one or several further integrated optical
waveguide structures (3),
- one or several further semiconductor laser
sources (2) arranged on said surface of said
substrate (1) and emitting further laser radiation
towards said surface, and
- one or several further photodetectors arranged
to detect intensity variations of said further laser
radiation,
- said further waveguide structure(s) (3) being
optically connected to said further laser source
(s) (2) and designed to guide said further laser
radiation emitted by said further laser source(s)
(2) to one or several further out-coupling areas
at said surface of said substrate (1) and to guide
a portion of said further laser radiation scattered
back from said target object (4) or from other
target objects outside of said substrate (1) to re-
enter the further laser source(s) (2).

11. The device according to claim 10,
wherein the waveguide structure (3) and the further
waveguide structure (3) and corresponding out-cou-
pling structures are designed to couple out the laser
radiation and the further laser radiation with compo-
nents along a plane parallel to said surface of said
substrate (1) and orthogonal to each other.

12. The device according to claim 10,
wherein two or more of the laser sources (2) are
formed of two ore moreVCSEL mesas (12) on one
common semiconductor die.

Patentansprüche

1. Selbstmischende Interferenzeinrichtung mit

- einem Substrat (1) mit einer integrierten opti-
schen Wellenleiterstruktur (3),
- einer Halbleiterlaserquelle (2), die auf einer
Oberfläche des Substrats (1) angeordnet ist und
Laserstrahlung in Richtung der Oberfläche (1)
emittiert, sowie
- einem Photodetektor, der so eingerichtet ist,
dass er Intensitätsvariationen der Laserstrah-
lung detektiert,
- wobei die Wellenleiterstruktur (3) mit der La-
serquelle (2) optisch verbunden und so ausge-
bildet ist, dass sie die von der Laserquelle (2)
emittierte Laserstrahlung zu einer Auskoppelflä-
che an der Oberfläche des Substrats (1) leitet
und einen Teil der von einem Zielobjekt (4) au-
ßerhalb des Substrats (1) zurückgestreuten La-
serstrahlung so leitet, dass dieser in die Laser-
quelle (2) wieder eintritt.

2. Einrichtung nach Anspruch 1,
wobei es sich bei der Halbleiterlaserquelle um einen
VCSEL handelt.

3. Einrichtung nach Anspruch 1 oder 2,
wobei die Wellenleiterstruktur (3) eine in Silicium ein-
gebettete Wellenleiterstruktur ist.

4. Einrichtung nach Anspruch 1 oder 2,
wobei das Substrat (1) oder die Wellenleiterstruktur
(3) eine erste Koppelstruktur (10), um die Laser-
strahlung an einer ersten Stelle der Oberfläche in
die Wellenleiterstruktur (3) einzukoppeln, sowie eine
zweite Koppelstruktur (11), um die Laserstrahlung
an einer zweiten Stelle der Oberfläche aus der Wel-
lenleiterstruktur (3) auszukoppeln, umfasst.

5. Einrichtung nach Anspruch 4,
wobei die zweite Koppelstruktur (11) so ausgeführt
ist, dass sie die Laserstrahlung in einem Winkel ≠ 0
zu einer Normalen zu der Oberfläche auskoppelt.

6. Einrichtung nach Anspruch 4,
wobei die erste und zweite Koppelstruktur (10, 11)
einen aus der Oberfläche gebildeten konkaven Spie-
gel oder ein in der Wellenlängenstruktur (3) ausge-
bildetes diffraktives Gitter umfassen.

7. Einrichtung nach Anspruch 5,
wobei die erste und zweite Koppelstruktur (10, 11)
einen aus der Oberfläche gebildeten konkaven Spie-
gel umfassen, wobei die zweite Koppelstruktur wei-
terhin ein optisches Element umfasst, das die in dem
Winkel ≠ 0 zu der Normalen zu der Oberfläche aus-
zukoppelnde Laserstrahlung ablenkt.

9 10 
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8. Einrichtung nach Anspruch 1 oder 2,
wobei eine Steuer- und Auswertungseinheit (5) mit
der Laserquelle (2) und dem Photodetektor elek-
trisch verbunden ist, wobei die Steuer- und Auswer-
tungseinheit (5) so ausgeführt ist, dass sie die La-
serquelle (2) steuert, damit diese die Laserstrahlung
emittiert, und Signale des Photodetektors auswertet,
um einen Abstand und/oder eine Bewegung des
Zielobjekts (4) zu ermitteln.

9. Einrichtung nach Anspruch 1 oder 2,
wobei eine optische Länge der Wellenleiterstruktur
(3) zwischen der Laserquelle (2) und der Auskop-
pelfläche so ausgewählt wird, dass diese in dem Be-
reich zwischen 2 und 20 mm liegt.

10. Einrichtung nach Anspruch 1 oder 2,
die weiterhin umfasst:

- eine oder mehrere weitere integrierte optische
Wellenleiterstrukturen (3),
- eine oder mehrere weitere Halbleiterlaserquel-
len (2), die auf der Oberfläche des Substrats (1)
angeordnet sind und weitere Laserstrahlung in
Richtung der Oberfläche emittieren, sowie
- einen oder mehrere weitere Photodetektoren,
die so eingerichtet sind, dass sie Variationen der
weiteren Laserstrahlung detektieren,
- wobei die weitere(n) Wellenleiterstruktur(en)
(3) mit der(den) weiteren Laserquelle(n) (2) op-
tisch verbunden und so ausgeführt ist(sind),
dass sie die von der(den) weiteren Laserquelle
(n) (2) emittierte weitere Laserstrahlung zu einer
oder mehreren weiteren Auskoppelflächen an
der Oberfläche des Substrats (1) leitet(leiten)
und einen Teil der von dem Zielobjekt (4) oder
von anderen Zielobjekten außerhalb des Sub-
strats (1) zurückgestreuten Laserstrahlung so
leitet(leiten), dass dieser in die weitere(n) Laser-
quelle(n) (2) wieder eintritt.

11. Einrichtung nach Anspruch 10,
wobei die Wellenleiterstruktur (3) und die weitere
Wellenleiterstruktur (3) sowie entsprechende Aus-
koppelstrukturen so ausgeführt sind, dass sie die La-
serstrahlung und die weitere Laserstrahlung mit
Komponenten entlang einer Ebene parallel zu der
Oberfläche des Substrats (1) und orthogonal zuein-
ander auskoppeln.

12. Einrichtung nach Anspruch 10,
wobei zwei oder mehr der Laserquellen (2) aus zwei
oder mehr VCSEL-Mesas (12) auf einem gemeinsa-
men Halbleiterchip ausgebildet sind.

Revendications

1. Dispositif d’interférence automélangeur compre-
nant :

- un substrat (1) pourvu d’une structure (3) de
guide d’onde optique intégrée,
- une source laser à semi-conducteurs (2), dis-
posée sur une surface dudit substrat (1) et émet-
tant un rayonnement laser vers ladite surface
(1), et
- un photodétecteur agencé pour détecter les
variations d’intensité dudit rayonnement laser,
- dans lequel ladite structure (3) de guide d’onde
est optiquement connectée à ladite source laser
(2) et est conçue pour guider ledit rayonnement
laser émis par ladite source laser (2) vers une
zone de découplage sur ladite surface dudit
substrat (1) et pour guider une partie dudit
rayonnement laser rétrodiffusée à partir d’un ob-
jet cible (4) hors dudit substrat (1) pour qu’elle
réintègre la source laser (2).

2. Dispositif selon la revendication 1,
dans lequel ladite source laser à semi-conducteurs
est un VCSEL.

3. Dispositif selon la revendication 1 ou 2,
dans lequel ladite structure (3) de guide d’onde est
une structure de guide d’onde enrobée de silicium.

4. Dispositif selon la revendication 1 ou 2,
dans lequel ledit substrat (1) ou ladite structure (3)
de guide d’onde comprend une première structure
de couplage (10) servant à coupler ledit rayonne-
ment laser à une première position de ladite surface
dans ladite structure (3) de guide d’onde et une se-
conde structure de couplage (11) servant à coupler
ledit rayonnement laser à une seconde position de
ladite surface hors de ladite structure (3) de guide
d’onde.

5. Dispositif selon la revendication 4,
dans lequel ladite seconde structure de couplage
(11) est conçue pour coupler ledit rayonnement laser
à un angle ≠ 0 par rapport à une normale à ladite
surface.

6. Dispositif selon la revendication 4,
dans lequel lesdites première et seconde structures
de couplage (10, 11) comprennent un miroir concave
formé hors de ladite surface ou un réseau de diffrac-
tion formé dans ladite structure (3) de guide d’onde.

7. Dispositif selon la revendication 5,
dans lequel lesdites première et seconde structures
de couplage (10, 11) comprennent un miroir concave
formé hors de ladite surface, ladite seconde struc-
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ture de couplage comprenant en outre un élément
optique déviant le rayonnement laser à coupler audit
angle ≠ 0 par rapport à la normale à ladite surface.

8. Dispositif selon la revendication 1 ou 2,
dans lequel une unité de commande et d’évaluation
(5) est connectée électriquement à ladite source la-
ser (2) et au photodétecteur, ladite unité de com-
mande et d’évaluation (5) étant conçue pour com-
mander ladite source laser (2) afin qu’elle émette le
rayonnement laser et pour évaluer les signaux dudit
photodétecteur afin de déterminer une distance
et/ou un mouvement dudit objet cible (4).

9. Dispositif selon la revendication 1 ou 2,
dans lequel la longueur optique de ladite structure
(3) de guide d’onde entre la source laser (2) et la
zone de découplage est choisie dans la plage allant
de 2 mm à 20 mm.

10. Dispositif selon la revendication 1 ou 2,
comprenant en outre :

- une ou plusieurs structures (3) de guide d’onde
optique intégrées supplémentaires,
- une ou plusieurs source(s) laser à semi-con-
ducteurs (2) supplémentaires disposées sur la-
dite surface dudit substrat (1) et émettant un
autre rayonnement laser vers ladite surface, et
- un ou plusieurs photodétecteurs supplémen-
taires agencés pour détecter les variations d’in-
tensité dudit rayonnement laser supplémentai-
re,
- ladite ou lesdites structures (3) de guide d’onde
supplémentaires étant optiquement connectées
à ladite ou auxdites sources laser (2) supplé-
mentaires et conçues pour guider ledit rayonne-
ment laser supplémentaire émis par ladite ou
lesdites sources laser (2) supplémentaires vers
une ou plusieurs autres zones de découplage
sur ladite surface dudit substrat (1) et pour gui-
der une partie dudit rayonnement laser supplé-
mentaire rétrodiffusée à partir dudit objet cible
(4) ou à partir d’autres objets cibles hors dudit
substrat (1) pour qu’elle réintègre la ou les sour-
ces laser (2) supplémentaires.

11. Dispositif selon la revendication 10,
dans lequel la structure (3) de guide d’onde et la
structure (3) de guide d’onde supplémentaire et les
structures de découplage correspondantes sont
conçues pour coupler le rayonnement laser et le
rayonnement laser supplémentaire avec des com-
posants le long d’un plan parallèle à ladite surface
dudit substrat (1) et orthogonaux les uns par rapport
aux autres.

12. Dispositif selon la revendication 10,

dans lequel deux ou plus de deux des sources laser
(2) sont formées de deux ou plus de deux mesas de
VCSEL (12) sur une puce commune de semi-con-
ducteurs.
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